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NUCLEAR PHYSICS 


THE 'TOKAMAK-7' GOES INTO OPERATION 
Moscow SOTSIALISTICHESKAYA INDUSTRIYA in Russian 20 Jul 79 p & 
[Interviews with five people by V. Rykunov, correspondent ] 


[Text] One more step toward the creation of thermo- 
nuclear elwctric power stations in the future 
has been taken at the Institute of Atomic En- 
ergy imeni I.V. Kurchatov: a physical start 
of the “"T-7" unit has been achieved. This is 
the first "Tokamak" to work anywhere in the 
world, In it, superconducting magnetic sys- 
tems at a minus temperature measured in hun- 
dreds of degrees adjoin plasma heated to a 
million degrees. The ideas on which this new 
tool of science is based and what researchers 
can expect from it are the subject of our 
special correspondent's talk with sciertists 
and specialists. 


V.D. Kovalenko, chief, NPO Department, Kriogenmash: 


So that the electric current in the magnetic systems of the T-7 
unit would not encounter any resistance, it was not simply ne- 
cessary to remove the heat from 12 tons of metal, but to cool 
this metal to -269° Celsius. For all practical purposes we had 
to “plunge” into cosmic cold an extremely complicated, preci- 
sion instrument, the elements of which are made from materials 
with different coefficients of expansion. Here the least in- 
accuracy could result in the internal stresses simply tearing 
the unit apart. Therefore, we worked out a stage-by-stage 
cooling principle that was designed to last for two and a half 
days. In some of these stages it was necessary to "withdraw" 
no more than 0.1° per hour from the system. 


The superconducting magnets in the T-7 unit are cooled with the 
help of liquid nitrogen. In order to maintain this regime, we 











specified a special temperature shield in th: form of inner and 
outer cold screens, Their effectiveness -- ss is that of the 
basic cooling process -- is insured by unique equipment that 
was specially created by our association. In particular, this 
equipment includes a unit for producing 180 liters of liquid 
helium per hour and a special storage tenk for the helium that 
has vacuum screen insulation and a 1,20.-liter capacity that, 
in case of a breakdown, guarantees the continuous operation of 
the T-? for another 16 hours, which is plenty of time for the 
completion of almost any experiment. Another feature is a conm- 
plex for the remote control of all the cryogenic equipment and, 
finally, an original current guide and trunk tubing that pro- 
vides the Tokamak with electricity and liquid helium and nitro- 


gen. 


G.I, Kiknadze, deputy chief, Department of Solid-State Physics, 
Institute of Atomic rey imeni I.V. Kurchatov: 


It has been calculated that if the units in future thermo- 
nuclear power stations are equipped with normal magnets, up to 
60-70 percent of the generated electricity will be used just to 
power them. Such a ratio would hardly be convenient for the 
users. Therefore, it was decided to try to make the magnet 
systems that confine the Tokamak's plasma superconducting ones. 
Until we tried it, no one anywhere had tried to solve this 
problem, since it involves too many complex questions. Never- 
theless, we succeeded in finding answers to them. As a result, 
Wwe developed a specially shaped copper busbar with super- 
conducting niobium-titanium filaments and narrow ducts for the 
injection of liquid helium. At the same time we created spe- 
cial magnetic coils and calculated their placement and figured 
out how to shield them from the high temperatures and how to 
counter the internal stresses that arise. And here today, as 
you can see, the largest superconducting magnet system in the 
country is reliably confining the plasma in the Tokamak-7! 


D.P, Ivanov, chief, T-7 unit: 


We have now begun performing research, using only about half of 
the unit's capabilities. This is necessary for many reasons, 
both technological and, I would say, psychological. But in no 
more chan 3 or & months, apparently, we will gradually take the 
T-7 up to its planned operating conditions. omehow, the unit 
immediately “went" -- we have already obtained the first high- 
temperature plasma in it. 

V.S, Strelkov, department chief, Institute of Atomic Fnergy 
imeni I.V. Kurchatov: 

















The T-7 installation has almost the same parameters as our 
large’ t Tokamak, the 7-10. However, its creation and initial 
opert fon cost only about one-third as much. This economic 
ain us related largely to the use of superconducting magnets. 

or the physicists, however, this innovation has yet another 
important advantage: superconducting magnets are not bothered 
by overheating and they do not have to cool off for a a, time 
after every experiment. In comparison with, say, the T-10, 
there is almost a tenfold gain in time. Therefore, we are 
planning to transfer all the research requiring the frequent 
use of hot plasma to the new Tokamak. 


B.B, Kadomtsev, academician and director, Plasma Physics Divi- 
sion, Institute of Atomic Energy imeni I.V¥. Kurchatov: 


The physical start of tne Tokamak-7 was unquestionably an im- 
portant step on the road to thermonuclear power engineering in 
the future. The creation of this unit, with its superconduct- 
ing windings, is one of @ number of projects at this stage that 
are enabling us to prove that the superlow temperatures neces- 
sary to produce the phenomenon of superconductivity end hot 
plasma are jointly achievable. ‘The T-7 unit can be regarded as 
the prolog to new thermonuclear research and a new generation 
of Tokamaks. The next ome -- the T-15 -- will begin to take 
shape in metal in the near future, in this unit, which is 
twice the size of the T-10, we intend to use different methods 
for additional heat‘ng of the plasma that will enable us to ap- 
prorich a temperature of 100 million degrees, For the T-15, we 
at the Institute are already developing extremely large super- 
conjucting magnets. In the next five-year plan, the T-15 will 
take the thermonuclear “baton” from the T-7 and the T-10. 


1.1746 
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Lasers and Masers 


USSR UDC 621.371.24 


MEASUREMENTS OF THE FOUR-POINT COHERENCE FUNCTION OF A LASER EMISSION FIELD 
IN A TURBULENT ATMOSPHERE 


Gor'kiy IZVESTIYA VYSSHIKH UCHEBNYKH ZAVEDENIY-RADIOFIZIKA in Russian Vol 
22 No 2, 1979 manuscript received 21 Apr 78 


GURVICH, A. S. and KAN, V., Institute of Atmosphere Physics of the USSR 
Academy of Sciences 


[Abstract] While earlier studies dealt with measuring the four point coher- 
ence function of a complex wave field propagating in direction Ox in 4 ran- 
domly nonuniform medium with small values of the wave parameter D%~ 1, the 
current study examines the modulus and argument of the complex function Ty, 

in an atmosphere with high values of the wave parameters D >> 1. Primary 
interest lay in the study of "4 in the range of values of parameter %, 2 1 
where the maximum fluctuations of emission intensity are observed. The limit- 


ed accuracy of measurements did not allow a detailed study of the behavior of 
arg 4 for a change in the ratio of sides of the receiving parallelogram. For 


all configurations, experimental values of arg T, do not exceed 0.25 radian. 
All other things being equal, values of (arg ",),,,. for m= 1 are greater 
than for other configurations. References 8 ( selen). 


USSR 


USING THE EFFECT OF WAVEFRONT REVERSAL WITH STIMULATED MANDELSTAM-BRILLOUIN 
SCATTERING TO FOCUS LASER RADIATION ON A TARGET 


Moscow PIS'MA V ZHURNAL EKSPERIMENTAL'NOY 1 TEORETICHESKOY FIZIKI in Russian 
Vol 29 No 6, 20 Mar 79 pp 364-368 manuscript received 15 Feb 79 


ILYUKHIN, A. A., PEREGUDOV, G. V., PLOTKIN, M. YE., RAGOZIN, YE. N., and 
CHIRKOV, V. A., Physics Institute imeni P. N. Lebedev, USSR Academy of Sci- 
ences 


[Abstract] The effect of wavefront reversal with stimulated Mandel stan- 
Brillouin scattering is used to focus a radiation pulse from a neodymium 
laser with an energy of 20 J, pulse length 5 and 10 ms, sharply upon a tar- 
get, with the focusing lens included in the elements, the aberration of which 
is compensated. The experimental installation is diagrammed and described in 
detail. The experimental installation is used to produce x-ray spectra of 

















multiply charged ions of magnesium and iron. A powerful laser utilizing this 
effect is seen as a convenient instrument for various physical studies. The 
effect allows a predetermined profile of illumination to be directed toward 

a target as it is irradiated by a powerful laser pulse. Figures 3; references 
8: 7 Russian, 1 Western. 


USSR 
AX NH, -LASER WITH PUMPING BY RADIATION FROM TWO CO,-LASERS 


Moscow PIS'MA V ZHURNAL EXSPERIMENTAL'NOY I TEORETIGHESKOY FIZIKI in Russian 
Vol 29 No 9, 5 May 79 pp 589-592 manuscript received 30 Mar 79 


BOBROVSKIY, A. N., VEDENOV, A. A., KOZHEVNIKOV, A. V. and SOBOLENKO, D. N., 
Institute of Atomic Energy imeni I. V. Kurchatov 


[Abstract] A new method of pumping an Na3 molecule is proposed, namely by 
radiation from two CO, lasers, and thu: producing an NH; laser at new wave- 
lengths (12.00, 13.23, 13.66, 15.78 and 15.86 wa). This method utilizes the 
energy levels of the vj-mode in «> NH3 molecule and transition to its (2 ,5, 
3) level from its (1*,4,3) level. In the experiment two transverse-excita- 
tion atmosphere-pressure CO» lasers were synchronized and then tuned by means 
of diffraction gratings, to the P(32) line (10.4 ym band, 0.5-10° W) and to 
the P(24) line (9.4 wm band, 10° W) respectively, their radiation super- 
posed in space by means of a plane-parallel Ge plate and treusmitted through 
a KBr window to the NH, cell. Radiation from the NH; cell was reflected to 

a monochromator for measurements: near-infrared by a concave metallic mir- 
ror and far-infrared by a concave Ge mirror. The authors thank G. D. Myl'- 
nikov for the valuable comments. Figures 2; tables 1; references 5 (Western). 














Molecular Physics 


USSR 
PORMATION OF NITROGEN OXIDES IN A HYDROGEN-OXYGEN DIFFUSION FLAME 


Novosibirsk FIZIKA GORENIYA I VZRYVA im Russian Vol 15 No 2, Mar/Apr 79 pp 
54-65 manuscript received 19 Jun 78 


GORDIN, K. A. and MASLENNIKOV, V. M., Moscow 
[Abstract] The kinetics of hydrogen burning, by reaction with oxygen, and 


of attendant reactions in air which produce uitrogen oxide (NO) aie analyzed 
on the basis of a simple realistic model: 


2H+ M2 H+ M K,,= 10°° 

H+ OH ¢ HOF Kyo* 2.2°10e-2590/T 
O+ OH 20,4 k K..* 248-10) ,-660/T 
OH+ Hz OF H, Ky," 1.3+10"" -2490/T 
N+ 0, 2 NOFO Kg" 10°, ~3776/T 

N+ NO 2 NA+ 0 Ke ,* u.se20 


N+ OH 2 NOt H Kea. 4-10 
where M is some component participating in the trimolecular reaction of hydro- 
gea recombination, its mass fraction assumed to be equal to unity, and Key? 


are the rate constants of the respective forward reactions. The diffusion 
process is considered assuming a parabolic flame front which emanates from 
the surface of an impermeable, chemically inert and thermally insulated body 
in the form of a semiinfinite thin diaphragm, which closely corresponds to 
the conditions in a Parker-Wolfgard burner. The mat tical analysis is 
focilitated by introduction of the linear operator l- % - ove (D denoting 


a constant diffusion coefficient and .. the Laplace operator) in Cartesian 


coordinates. The equations are solved for the equilibrium concentrations of 
all participants in the reactions. The flame structure is established by 
collocation of the asymptotic expansions, which also yields the distribution 
of the NO mass and the zone of intensive NO formation. The maximum value of 
obtained here is close to its thermodynamic-equilibrium value at the 


c 

NO 
given flame temperature under conditions of stiochiometric hydrogen combus- 
tion. Figures 4; references 8: 2 Russian, 6 Western. 











USSR UDC 535.34-15+539.196 


INFRARED SPECTRA OF CRYOGENIC SYSTEMS. WEAK INTERMOLECULAR INTERACTIONS IN 
THE CH, F+ HCl SYSTEM 

Leningrad OPTIKA I SPEKTROSKOPIYA in Russian Vol 46 No 4, Apr 79 pp 701-706 
manuscript received 28 Jan 78 


KOLOMIYTSOVA, T. D., MIL*KE, Z., TOKHADZE, K. G. and SHCHEPKIN, D. N. 


[Abstract] The spectral effects of a weak hydrogen bond with an energy 4H 
exceeding that of van der Waals interaction can be detected only at low ten- 
peratures kT < 4H. Accordingly, a spectral analysis was made of weak com- 
plexes formed by the rather simple pair of very weak proton acceptor CH, F 


and strong proton donor HCl. Solutions of these substances in liquid argon 


in concentrations not exceeding 10-3 mole/liter were held in two different 
cryostats with BaF? windows: one with a vertical beam travel and a 40 cm 
long optical path, one cruciform for use with 2 and 10 cm thick layers. The 
infrared spectrum (4000-900 cm-l) here was analyzed with an IKS-16 spectro- 
photometer, at temperatures over the 90-135 K range measured by the equili- 
brium pressure of saturated vapors. Mixtures of these substances, stabi- 
lized in an argon matrix on a CsI substrate, were produced in a model 21 
Helium Cryocooler and their spectra (4000-200 cm!) at 15 K were measured 
with a Perkin-Elmer 180 spectrophotometer. The effect of hydrogen bond 
formation in mixtures on all the absorption bands was found to be a shift 
toward lower frequencies, especially significant being the shift of the 


Yucl band to 2800 cm@! and of the Yor band (valence vibrations) to 1014 cm@!, 
Rising of the temperature was found to result in less intensive absorption 


bands of the complex and more intensive absorption bands of the free mole- 
cules. Dropping of the temperature was found to shift the peak of the Yucl 


band in the complex toward lower frequencies. Experimental data are sup- 
ported by theoretical calculations for the complex, on the basis of its 4- 


..H* Suen 
force constants, these calculations including the normal vibrations, the 
derivatives of the dipole moment with respect to normal and natural coordi- 
nates, and the integral intensities of the absorption bands. Figures 4; ref- 
erences 8: 5 Russian, 3 Western. 


atom model with the natural Grr Up coordinates and with the proper 











USSR UDC 539.196.097 
STARK EFFECT ON MOLECULAR AGGREGATES (DIMERS) 


Leningrad OPTIKA I SPEKTROSKOPIYA in Russian Vol 46 No 4, Apr 79 pp 71°-713 
manuscript received 20 Jun 78 


KLEVANIK, A. V. 


[Abstract] St ork-efiect spectroscopy has been successfully used for study- 
ing the excited states of molecules, complexes, molecular crystals and in- 
purity centers. ‘ie": its application to dyes is considered and, for demon- 
stration, the effect of a constant uniform electric field on the transposi- 
tion of collective excited states in a dimer analyzed theoretically starting 
with the Hamiltonian of such a system. The results indicate that the change 
of frequencies of electron transitions are due to static dipole moments 
causing different changes of potential energy as well as to the transition 
dipole moment (transposition of “Davydov™ states). In the special case of 

a dimer consisting of monomers with central symmetry the long-wave transi- 
tion is subject to a red shift and the short-wave transition is subject to 
a olue shift, with the intensities of these transi!.ions changing «nd with 
the Stark effect either quadratic (in weak fields) or linear (in strong 
fields). Figures 1; references 17: 10 Russian, 7 Western. 


USSR UDC 535.3724621.373:535.547.024 


LAS"R-FLUORESCENCE METHOD OF DETECTING LOW CONCENTRATIONS OF RADICALS WITH 
A HIGH RESOLUTION IN TIME 


Leningrad OPTIKA i SPEKTROSXOPIYA in Russian Vol 46 No 4, Apr 7° pp 763-769 
manuscript received 6 Jun 78 


LOKHMAN, V. I., OGUROK, D. D., CHEKALIN, N. V. and SHIBANOV, A. N. 


[Abstract] The fluorescence method with a dye laser is very effective for 
the study of steady processes involving radicals and, with pulse lasers now 
available which cover the 2100-12,000 A range, the radicals thus detectable 
include CH, OH, CN, (7, NH>, NH, NO, SiF and many others. Here an apparatus 
is desc; ibed which allows detection of these radicals with a high time and 
spectral resolution. Its four main components are a dye laser pumped from 
an No-laser and tunable over visible as well as ultraviolet wavelengths, for 
irradiation of radicals, an instrument for recording the flucrescence of 
radicals (including a high-transmission monochromator and a photoelectron 
multiplier with an emitter follower, a preamplifier and a strobe amplifier), 
a test tube made of stainless steel with a vac’.um system and a gas admission 








system, am’ a source of radicals in the form of an atmospheric-pressure C0)- 
laser for dissociation of molecules with infrared radiation. The optics in- 
clude lenses and diffraction gratings. The concentration of radicals can be 
measured over long periods by smooth regulation of the delay time in the 
synchronizer of dye lasser and CO7-laser pulses. Measurement of the abso- 
lute radical concentration is based on the linear relation between the energy 
of a fluorescence pulse and the number of excited radicals, with the propor- 
tionality factor depending on the solid argle of the receiver, on the fluo- 
rescence quantum yield, and on the detector sensitivity. The latter is de- 
termined from calibration tests and .he former is calculated as a function 
of the pressure, with the solid eugle established by design. This apparatus 
has been used in experiments aud found to be capable of recording 10° radi- 
cals with a 20 ns resolutic:. It also features a high spectral selectivity 
so that radicals in various quantum states can %e recorded. The authors 
thank V. S. Letokhov for the helpful and stimulating comments. Figures 4; 
references 18: 2 Russian, 16 Western. 





USSR 


USE OF TH2 MAGNETIC ISOTOPIC EFFECT FOR SEPARATION OF HEAVY ISOTOPES AS IN 
THE CASE OF TIN 


Moscow P’S'MA V ZHURNAL EKSPERIMENTAL'NOY I TEORETICiESKOY FIZIKI in Russian 
Vol 29 No 7, 5 Apr 79 pp 419-421 manuscript received 29 Feb 79 


PODOPLELOV, A. V., LESHINA, T. V., SAGDEYEV, REN. Z2., MOLIN, YU. N. and 
GOL'DANSKIY, V. I., Institute of Chemical Physics, USSR Academy of Sciences, 
Institute of Chemical Kinetics and Combustion, Siberian Division of the USSR 
Academy of Sciences 


[Abstract] The magnetic isotopic effect occurs in pairs of two free radicals 
which have uncompensated electron spins. Such pairs can be in two electron 
states, singlet or tr‘plet, the latter being more favorable to this effect. 
Here the radical reaction of (CH3),SnH decomposition in the presence of the 
radic:..l initiator azodiisobutylnitrile was studied, the role of this initia- 
tor being to generate .Sn(CH,), radicals. The magnetic effect was found to 


occur in the (CH,) 4Sn- + *Sn(CH,)., —+ (CH) SnSn(CH,), pair, with uncorrelat- 


ed PIT electron spins and with characterist ically high values of the hyper- 
fine interaction constant for the tin isotopes Snil! and snl19 (-1530 and 


-161i Oe respectively). Interesting is (he unique opportunity for separat- 
ing nuclear isomers on the basis of the magnetic isotopic effect. Refer- 
ences 7: 4 Russian, 3 Western. 














USSR UDC 535.33/.36 


VIBRATIONAL RELAXATION Ih CONDENSED MEDIA 
Moscow USPEKHI FIZICHESKIKH NAUK in Russian Vol 127 No 4, Apr 79 pp 683-704 


POGORELOV, V. YE., LIZENGEVICH, A. I., KONDILENKO, I. I. and BUYAN, G. P., 
Kiev State University imeni T. G. Shevchenko 


[Abstract] This survey paper covers those works devoted to the contributions 
of inter and intramolecular interactions to that portion of vibrational bands 
which does not depend on the oriented motion of molecules. It is shown that 
the possibility of an experimental separation of the contributions of the 
orientations and interactions of particles to the outlines of the vibration- 
al bands permits the use of Raman spectroscopy to study matter in the con- 
densed phase. Picosecond, spontaneous and active Raman spectroscopy are 
treated in detail and primary attention is devoted to liquid parameters. 
Extensive data is presented in tabular form for such parameters as line 
width, vibrational frequency, solution concentration, integral intensity of 
the Raoan lines and relaxation time for the following liquids: CH,NO., 


CeéHsCl, CH3I, CD3I, toluene, chlorobenzene, nitromethane in various solvents 


such as CCly and CS». The capability of separately studying vibrational and 


orientational relaxation from spontaneous laser Raman spectra, as well as 
the direct determination of vibrational relaxation times by picosecond spec- 
troscopy permits the anticipation of substantial progress in understanding 
the mechanisms of molecular vibrational relaxation. Figures 8; references 
93: 38 Russian, 55 Western. 
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Nuclear Physics 


USSR 


THE INFLUENCE OF INJECTED NEUTRAL PARTICLES ON THE RADIATION OF IMPURITIES 
IN A THERMONUCLEAR PLASMA 


Moscow PIS'MA V ZHURNAL EKSPERIMENTAL'NOY I TEORETICHESKOY FIZIKI in Russian 
Vol 29 No 6, 20 Mar 79 pp 353-357 manuscript received 9 Feb 79 


KRUPIN, V. A., MARCHENKO, V. S., YAKOVLENKO, S. I., Institute of Nuclear 
Energy imeni I. V. Kurchatov 





[Abstract] When an intensive beam of neutral particles is injected into a 
thermonuclear plasma, the charge distribution of impurity ions is strongly 
influenced by the charge exchanges of the neutral particles on the impuri- 
ties. This shifts the distribution of charges downward, which can lead to 
an increase in radiation losses. To evaluate the danger of this effect, one 
must compare the radiation losses with and without injected neutral parti- 
cles. These calculations are performed in the present article. A system of 
coronal equilibrium equations was used, with terms considering charge chang- 
ing. The calculations were performed for a neutral beam with particle ener- 
gy 40 KeV, beam power 1 MW, cross section 500 cm2. The calculations indi- 
cated that the influence of charge exchange on the radiation energy balance 
of the impurity was significant. Figures 2; references 10: 4 Russian, 6 
Western. 


USSR 


RADIATION LOSSES ON IMPURITIES AND THE nor PARAMETER OF A THERMONUCLEAR 
PLASMA WITH INJECTION OF FAST NEUTRAL PARTICLES 


Moscow PIS'MA V ZHURNAL EKSPERIMENTAL'NOY I TEORETICHESKOY FI7ZiKI in Russian 
Vol 29 No 9, 5 May 79 pp 550-553 manuscript received 4 Mar 79 


ABRAMOV, V. A., GERVIDS, V. I., KRUPIN, V. A. and LISITSA, V. S., Institute 
of Atomic Energy imeni I. V. Kurchatov 


[Abstract] A plasma with thermonucleer parameters is now most effectively 
produced by injection of strong beams o' iasi nrevtral particles. Such an 
injection has two opposite effects, name.’ heating of tiie plasma with genera- 
tion of extra power as a result of fusion nvolving atoms in the beam and, 

at the same time, cooling of the plasma as a result of higher radiation 
losses due to changes in the ionization equili>rium of impurity ions during 
charge transfer on the beam atoms. Here the ner parameter of a thermonu- 
clear plasma and the increase of radiation losses are calculated as functions 
of the equivalent neutral current and of the impurity concentration, on the 
basis of the power balance equation and the stat@onary corona model. Data 


ll 





are obtained for iron and molybdenum impurities, also for carbon yielding a 
much larger increase of radiation losses. Figures 2; tables 1; references 
8: 3 Russian, 5 Western. 


USSR 
FEASIBILITY OF FOCUSING CHARGED PARTICLES IN CROSSED BEAM EXPERIMENTS 


Moscow PIS'MA V ZHURNAL EKSPERIMENTAL'NOY I TEORETICHESKOY FIZIKI in Russian 
Vol 29 No 9, 5 May 79 pp 557-559 manuscript received 5 Mar 79 


KUMAKHOV, M. A., Institute of Nuclear Physics, Moscow State University imeni 
M. V. Lomonosov 


[Abstract] The reaction yield in experiments with crossed beams of parti- 
cles is usually increased by focusing the beams at their juncture with a 
magnetic field. Here additional focusing of such beams is proposed, namely 
by placing at their juncture an oriented crystal film for particles to chan- 
nel through. This method is based on redistribution of the particle flux 
depthwise and over the channel section, theoretically described by the Fok- 
ker-Planck equation of motion through such a channel with negligible multi- 
ple scattering at small depths. Calculations are based on the Liouville 
equation describing the spatial distribution of particles, assuming a har- 
monic potential. It thus appears possible to achieve the maximum flux 
density of particles at the center of the channel, at the first peak at a 
quarter space period of the trajectory. A (110) channel in tungsten should, 
accordingly, increase the reaction yield by a factor of 70 under conditions 
corresponding to those of the SLAC experiments. However, an harmonicity of 
the potential and beam divergence as well as initial energy dispersion of 
particles in the beams reduce this increase appreciably. Figures 2; refer- 
ences 4: 1 Russian, 3 Western. 
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USSR UDC 539.184.3:621.039.3 


THE SELECTIVE PHOTOLONIZATION OF ATOMS AND ITS APPLICATION TO SPECTROSCOPY 
AND ISOTOPE SEPARATION 


Moscow USPEKHI FIZICHESKIKH NAUK in Russian Vol 127 No 4, Apr 79 pp » 62. 


KARLOV, N. V., KRYNETSKIY, B. B., MISHIN, V. A. amd PROKHOROV, A. ° , P ice 
Institute of the USSR Academy of Sciences imeni P. N. Lebedev 


[Abstract] Two-stage selective photoionization is discussed in terms of se 
theoretical state of the art and its applications to isotope separation. 

Data on the latter are presented in tabular form for isotopes of lithium, 
calcium, neodymium, samarium, europium, gadolinium, dysprosium, erbium, ytter- 
bium and uranium showing the enrichment factor and the excited transition. A 
discussion of experimental studies of autvionization of high level states in 
an electric field includes a graph showing the critical ionization field for 
Rydberg states as a function of the effective principal quantum number of such 
diverse elements as sodium and uranium. A survey of laser spectroscopy stud- 
ies of hyperfine structures includes experimental data on the odd isotopes 

of dysprosium, and a discussion of results from a variety of studies of Ryd- 
berg atomic states. Data from the literature on the photoionization cross- 
section for the excited states are summarized in tabular form for heliun, 
lithium, rubidium, magnesium, calcium, neodymium, samarium, europium, gado- 
linium, dysprosium, erbium, ytterbium and uranium, giving the wavelength of 
the excited transition, the wavelength of the ionizing radiation, the photo- 
ionization cross-section and the excited transition. Other topics reviewed 
include the spectroscopic diagnosis of pairs of neutral atoms, the detection 
of atoms and the measurement of excitation energy transmission cross-section. 
This extensive review article anticipates the further development of selec- 
tive photoionization to obtain beams of polarized electron and nuclei as well 
as the possibility of its application to the determination of nuclear reac- 
tion products with a sensitivity of practically down to a single atom. Fig- 
ures 12; references 83: 34 Russian, 49 Western. 
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USSR UDC 539.186.2 
POLARIZATION PHENOMENA IN ELECTRON AND ATOMIC COLLISIONS 
Moscow USPEKHI FIZICHESKIKH NAUK in Russian Vol 27 No 4, Apr 79 pp 621-650 


DRUKAREV, G. F. and OB'YEDKOV, V. D., Leningrad State University imeni A. A. 
Zhdanov 


[Abstract] Spin polarization phenomena for electron and atomic collisions 
are surveyed, with the following topics receiving attention: electron scat- 
tering by zero-spin targets (Mott scattering); the photionization of polar- 
ized alkali metal atoms; the Fano effect; exchange spin polarization; low 
energy electron diffraction on a surface; many-photon ionization and elec- 
tron emission from magnetic materials. The scattering of particles with a 
spin of one-half by targets with a spin of one-half is mathematically ana- 
lyzed using an amplitude matrix, and the basic formula used in calculations 
of the cross-sectional and polarization characteristics for the case of col- 
lisions between spin oriented particles is derived via a finite state density 
matrix. Scattering in the case of an interaction which depends on spin is 
also analyzed, as is particle scattering in triplet states by zero-spin tar- 
gets, electron scattering by a target with a spin of 1, aad the scattering 
of particles having a spin of 1. Expressions are also given for singlet- 
triplet excitation of a target, and the fine structure of an atom; depolari- 
zation as a test of the type of nuclear bond is also treated. It is also 
shown how the depolarization of electrons exciting a singlet-triplet in a 
molecule can be used to ascertain the role of spin-orbital interaction with- 
in a molecule. It is indicated that experimental confirmation is lacking 
for the prediction of the appearance of polarization in a beam of scattered 
electrons due to the fine structure caused by spin-orbital interaction with- 
in an atom, where a distinctive feature of this polarization is the absence 
of the smallness parameter related to spin-orbital interaction between atomic 
electrons. Penning ionization in an optically pumped helium plasma is also 
discussed. Experiments proposed as the most meaningful at the present time 
include the following: 1) Measurement of the asymmetry of electron scatter- 
ing by spin oriented targets with spins of one-half and one. Studying the 
relationship between the asymmetry and the polarizing during scattering in 
an unoriented system; 2) Studying new mechanisms of electron polarization, 
which are related to the lack of conservation of total spin of a system, as 
well as to a variation in target spin; 3) Investigate polarization under 
conditions of resonance scattering by atoms and molecules to determine the 
parameters of quasisteady-states and classify the states; 4) Measure the de- 
polarization of scattered electrons to establish the type of bond, the role 
of fine structure, etc.; and 5) Study large molecules, simple crystals and 
the structure of magnetic materials by means of polarized electrons. Fig- 
ures 6; references 54: 13 Russian, 41 Western. 





a4 





USSR UDC 539.184.2 


THE POLARIZATION OF PHOTOELECTRONS FORMED DURING THE IONIZATION OF NON- 
POLARIZED ATOMS 


Moscow USPEKHI FIZICHESKIKH NAUK in Russian Vol 127 No 4, Apr 79 pp 651-681 


DELONE, N. B. and FEDOROV, M. V., Physics Institute of the USSR Academy of 
Sciences imeni P. N. Lebedev 


[Abstract] The state of the art in the generation of spin polarized elec- 
trons by the ionization of nonpolarized atoms is reviewed, with particular 
attention given to the Fano effect and many-photon resonance ionization. An 
experimental configuration found in western literature is described in de- 
tail and the good agreement between experimental and theoretical data for 
cesium and rubidium atoms is discussed. The general discussion of the Fano 
effect induced by an intense external magnetic field includes graphs showing 
the ionization probability of an atom as a function of detuning from reso- 
nance. The discussion of many-photon resonance ionization deals with the 
characteristic features of the polarization and angular distributions of 
photoelectrons using the example of an S to P to D transition. This discus- 
sion of resonance with a fine structure state is followed by a treatment of 
ionization in the case of resonance with a hyperfine structure state, in- 
cluding a general discussion of resonance ionization in a strong external 
field and some experimental results based on the resonance icnization of a 
cesium atom. The review paper concludes with a brief treatment of the po- 
larization of photoelectrons with the ionization of atoms having a selec- 
tive population of the fine structure sublevels. The authors recommend 
studies directed towards observing 100% polarization in experiments using 
other than the Fano effect and point out that it is premature to talk of 
quantitative results such as the number of polarized electrons in all meth- 
ods other than those using the Fano effect. Figures 19; references 54: 17 
Russian, 37 Western. 
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USSR 


INVESTIGATION OF PHOTOPRODUCTION OF POSITIVE PI-MESONS IN DEUTERIUM 


Moscow YADERNAYA FIZIKA in Russian Vol 29 No 3, 1979 pp 565-571 manuscript 
received 9 Jun 78 


GANENKO, V. B., MIROSHNICHENKO, I. I., SANIN, V. M., SOROKIN, P. V., SHA- 
LATSKIY, S. V. and SHEBEKO, A. V., Kharkov Physical and Technical Insti- 
tute, UkSSR Academy of Sciences 


[Abstract] New experimental data are presented on energy spectra of pime- 
sons in the reaction 3d-nn+ in the 433 resonance region of a mN system in 
finite state. The photon energy range is 380-500MeV. Pit mesons were 
identified by scintillation counters with a Cherenkov gas-threshold counter 
in order to discriminate positions. Divergence of experimental data and 
theoretical calculations can be interpreted as a manifestation of interac- 
tion in the final state. Interaction of nucleons in the final state greatly 
alters the shape of the spectrum of pit mesons for the above reaction in a 
monochromatic photon beam. Magnitudes of contributions from scattering and 
charge exchange are rough! y equal, but in most cases have opposite signs. 
Measurements made with accuracy to within about 3% established that calcula- 
tior according to the Chew and Lewis model and impulse approximation differ 
from experimental data by 10-20% according to kinematic conditions; correc- 
tion for nn- and mN-interactions in the final state improve concordance with 
experimental data. Figures 3; references 24: 10 Russi*n, 14 Western. 


USSR 
ON PROMPT FISSION NEUTRONS OF HEAVY NUCLEI 


Moscow YADERNAYA FIZIKA in Russian Vol 29 No 3, 1979 pp 595-603 manuscript 
received 19 May 78 


ZAMYATNIN, YU. S., RYAZANOV, D. K., BASOVA, B. G., RABINOVICH, A. D. and 
KOROSTYLEV, V. A. 


[Abstract] Most prompt fission neutrons are formed by evaporation from 
fully accelerated excited fragments. Their number and energy are satis- 
factorily described by an evaporation model. Various versions of theoreti- 
cal interpretation of deviations detected include a hypothesis of neutron 
emission at the instant of fission or immediately thereafter until complete 
acceleration of fragments in a Coulomb field, including scission neutrons. 
The energy balance equation shows that as kinetic energy increases, energy 
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of fragment excitation decreases; since this is net accompanied by a drop in 
neutron scission, one may conclude that excitation energy is not the direct, 
immediate cause of formation of scission neutrons. As kinetic energy in- 
creases there is a decrease in the distance between fragments at the instant 
of scission; their form becomes more specific; accordingly there should be 
a rise in the rate of scission and a drop in discontinuity time, leading to 
an increase of neutron scission. Figures 7; references 23: 14 Russian, 9 
Western. 


USSR 


ANALYSIS OF DATA ON NEUTRON MULTIPLICITY IN SPONTANEOUS FISSION OF A NEW 
NATURAL NUCLIDE DETECTED IN SOME METEORITES 


Moscow YADERNAYA FIZIKA in Russian Vol 29 No 3, 1979 pp 604-607 manuscript 
received 21 Aug 78 


POPEKO, A. G. and TER-AKOP'YAN, G. M., Joint Institute for Nuclear Research, 
Dubna 


[Abstract] A long-lived spontaneously-fissible nuclide was found in some 
meteorites and hydrothermal sources on the Cheleken peninsula. The new 
emitter belongs to the region of superheavy elements with Z > 110. The con- 
centration of hypothetical elements did not exceed 10-14 g/g and activity 
of spontaneous fission was less than 0.1 decay per kg.day. The method of 
recording coincidences of fragments and neutrons is practically unacceptable 
in seeking out superheavy elements without having concentrated them. One 
method of improving sensitivity of investigations was to increase the weight 
of the test specimens. A comparison of evaluations of fission events and 
the statistical dispersion of multiplicity distribution of the new emitter 
found in meteorites and the mineral fraction provides evidence in support of 
the fact that one and the same emitter was seen to decay in the experiments. 
Even more accurate evaluations can be achieved by specifying information on 
the number of coincidences of isolated neutrons with prompt gamma fission 
quanta. The most promising method is that of recording coincidences of frag- 
ments and fission neutrons, as was used by Brandt et al. of West Germany to 
study the Allende meteorite. References 13: 3 Russian, 10 Western. 
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USS3 


ON GNE METHOD OF PRODUCING HIGH-ENSRGY ELECTRON BEAMS USING PROTON SYNCHRO- 
TRONS 


Moscow YADERNAYA FIZIKA in Russian Vol 29 No 3, 1979 pp 644-648 manuscript 
received 21 Jul 7 


BESSONOV, YE. G. and VAZDIK, YA. A., Institute of Physics imeni P. N. 
Lebedev, Moscow 


[Abstract] Interest has recently grown in electron beams generated and pro- 
jected in the larger proton accelerators, since their energy is much higher 
than that in electron accelerators. Electron beams produced in proton syn- 
chrotrons result from conversion of photons formed in decay of pi? mesons. 
High-energy electron beams can be produced by transmission of some of the 
kinetic energy of ultrarelativistic protons to the electrons of a thin tar- 
get placed in the working region of the synchrotron. This is based on the 
result of relativistic kinematics of particle collision with various masses. 
An increase in intensity can also be produced with the use of crystalline 
targets: due to channeling, the nuclear unit of length can be much greater 
than in amorphous substances. An electron beam or an electron and positron 
plasma may be used as the target, thereby eliminating proton scattering. 

The proposed method is quite useful and may be preferable in some energy 
range of electrons and protons. Figure 1; references 7: 5 Russian, 2 West- 
ern. 


USSR 


RELATIVE YIELDS OF SECONDARY PARTICLES IN INTERACTION OF 70 GeV/¢ PROTONS 
WITH NUCLEAR TARGETS 


Moscow YADERNAYA FIZIKA in Russian Vol 29 No 3, 1979 »p 668-673 manuscript 
received 24 Jul 78 


BOZHKO, N. I., BORISOV, A. A., VOVENKO, A. S., VOLKOV, A. A., GLEBOV, V. Y., 
LAPIN, V. V., MUKHIN, A. I., SALOMATIN, YU. I. and FAKHRUTDINOV, R. M., In- 
stitute of High Energy Physics, Serpukhov 


[Abstract] In measuring the escape of particles from targets used in neu- 
trino experiments on the Serpukhov accelerator, data were also obtained us- 
ing thin nuclear targets. A magnetic spectrometer with proportional cham- 
bers and Cherenkov radiation threshold counters was used; the device was 

tuned to measure the escape of particles in a specified range of angles and 


18 




















momenta by changing the current in the analyzer magnet and angle of inci- 
dence of the primary proton beam onto the target. The beam had an intensi- 
ty of about 106 protons per second. Data are presented on relative output 
of pi and K mesons, protons and antiprotons for interaction of 67 GeV/c pro- 
tons with nuclei of Be, Al and Cu. At all energies of the primary proton 
beam, the quantity alpha increases in direct proportion with p| and inverse 
proportion with x: this behavior was predicted in the parton model. Fig- 
ures 8; references 19: 3 Russian, 16 Western. 





USSR 
INTERACTION OF PROTONS WITH LIGHT (CNO) AND HEAVY (AgBr) NUCLEI AT 400 GeV 


Moscow YADERNAYA FIZIKA in Russian Vol 29 No 3, 1979 pp 678-687 manuscript 
received 4 Sep 78 


BOOS, E. G., BORISENKO, A. I., KAZANSKAYA, A. N., MOROZOVA, P. V., Kazakh 
State University; PAVLOVA, N. P., KHOLMETSAKAY, A. V., Institute of High 
Energy Physics, Alma Ata; LEPEKHIN, F. G., SIMONOV, B. B., Leningrad Insti- 
tute of Nuclear Physics; ADAMOVICH, M. I., LARIONOVA, V. G., MASLENNIKOVA, 
N. V., ORLOVA, G. I., TRET'YAKOVA, M. I., KHARLAMOV, S. P., CHERNYAVSKIY, 
M. M., YAGUDINA, F. R., Physics Institute imeni Lebedev, Moscow; ABDUZHAMI- 
LOV, SH., AZIMOV, S. A., GADZHIYEVA, S. I., GULAMOR, K. G., KABULNIYAZOV, 
KH. D., KASYMOVA, N. S., PETROV, V. I., SKRYPNIK, N. S., CHERNOVA, L. P., 
CHERNOV, G. M., Physico-Technical Institute, Tashkent 


[Abstract] The study of multiple generation of particles in inelastic hadron- 
nuclear interactions is becoming more and more important because it is hoped 
that the study of nuclear processes will shed light on space-time evolution 
of the fundamental hadron-hadron process of interaction. Nuclear photoemul- 
sions are good detectors since they have high spatial resolution and can 
simultaneously record fast and slow charged particles. Type BR-2 Gosniikhin- 
fotoproyekt photoemulsion 600 microns thick was irradiated in the FNAL ac- 
celerator (Batavia, Illinois) by a proton beam with momentum of 400 GeV/c. 
All interactions were divided into four groups: quasi-nucleon, "L," "T," 
and "T>." Groups "T," and "To" relate to heavy nuclei (AgBr) interactior> 
and constitute about 90% of all interactions using these nuclei. As con- 
cerns the multiplicity of relativistic particles for various velocity ranges, 
the data show that when shifting from pp- to pA interactions, the distribu- 
tion maximum shifts toward the lower velocities in direct proportion with A. 
The quantities r and r' decrease in inverse proportion to velocity. Figures 
10; tables 3; references 9: 4 Russian, 5 Western. 
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USSR 


ENERGY CHARACTERISTICS OF GAMMA PARTICLES IN INTERACTIONS OF RELATIVISTIC 
DEUTERONS AND ALPHA PARTICLES WITH EMULSION NUCLEI 


Moscow YADERNAYA FIZIKA in Russian Vol 29 No 3, 1979 pp 688-693 manuscript 
received 28 Jun 78 


BOGDANOV, V. G., PERFILOV, N. A., PLYUSHCHEV, V. A. and SOLOV'YEVA, Z. I., 
Institute of Radium imeni V. G. Khlopin 


[Abstract] Im the terminology used in photoemulsion technique, fast frag- 
ments of the nucleus-target, aainly protons with energies of 26 to 400 MeV, 
form “gray” gamma rays. Recent experimental data show that in the region 

of momenta of about 5 GeV/c, as the mass of the bombarding nucleus is in- 
creased, the number of relativistic s- and “grey” gamma particles per nucleon 
rises, while the number of “black” beta particles remains virtually unchanged. 
Photoemulsion chambers of type BR-2 Gosniikhimfotoproyekt were irradiated 
with 10 GeV/c deuterons and 18 GeV/c alpha particles. The data consists of 
553 deuteron-nuclear interactions and 503 alpha-nuclear interactions. Angu- 
lar and energy characteristics were measured for all rays. Relative ioniza- 
tion was determined with the aid of the semiautomatic MPE-1 microscopes. 

The results indicate that the energy characteristics of gamma particles in 
deuteron-nuclear and alpha-nuclear interreactions, with similar momentum 
values per bombarding nucleon, are a function of both mass and disintegra- ‘ 
tion of the nucleus-target. Figures 4; references 11: 7 Russian, 4 Western. 
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USSR UDC 621.373:535 
SCALE FACTOR FOR SATURATING OPPOSING WAVES IN A GAS RING LASER 


Leningrad OPTIKA I SPEKTROSKOPIYA in Russian Vol 46 No 4, Apr 7> zp 745-750 
manuscript received 7 Jun 78 


SOKOLOV, I. V. 


[Abstract] Saturating opposing waves of the same mode and different fre- 
quencies, both linearly polarized, are considered in an active laser medium 
which consists of either two isotopes (1:1 ratio) or one isotope (emission 
beyond the Lamb shift). The scale factor for these waves, as a function of 
the parameters of the waves and of the medium, is determined from its rela- 
tion to the susceptibility during stead-state emission without backscatter- 
ing and in a field whose intensity has not yet transformed a nonuniform anm- 
plification line to a uniform broader one. The Q-factor is assumed to be 
the same for both waves. This scale factor can be used to evaluate the ef- 
fect of medium dispersion on the beat frequency of such waves, when the 
waves are so strong that the perturbation method becomes inapplicable or 
when the beat frequency is least sensitive to fluctuations of physical pa- 
rameters. Particularly interesting is the range of laser parameters where 
the scale factor depends only weakly on the deviation of the emission fre- 
quency from the center frequency of the emission line. The author thanks 
E. Ye. Pradkin and V. A. Sokolov for the helpful discussion of the results. 
Figures 2; references 8: 6 Russian, 2 Western. 





USSR UDC 621.373:5354535.317.1 


EXAMINING THE FIELD OF DISTRIBUTION OF OPTICAL INHOMOGENEITIES WITHIN THE 
ACTIVE MEDIUM OF A PHOTODISSOCIATION LASER BY DOUBLE-EXPOSURE HOLOGRAPHY 


Leningrad OPTIKA I SPEKTROSKOPIYA in Russian Vol 46 No 4, Apr 79 pp 751-757 
manuscript received 14 Nov 77; after revision 11 Sep 78 


ZNAMENSKIY, V. 8. and TIRATSUYAN, V. G. 


[Abstract] Absorption of the pumping radiation by alkyl iodides produces 
optical inhomogeneities such as changes of the refractive index or of its 
gradient in the active medium of a photodissociation laser. Here the field 
of the distribution of these optical inhomogeneities within the active me- 
dium of a C4F7I-laser (A= 1.315 um) under various pressures (15-60 torr) was 
examined by means of double-exposure holography. Holographic interferograms 
were reconstructed with a Ne-He laser, an objective, a 2-mirror Mach-Zehnder 
interferometer and a rotatable wedge. Thic wedge was turned through a 5° 
angle for two exposures of the test tube containing the active medium to 
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light pulses (A= 0.6943 ya) from an OGM-20 laser and a GOR-30 laser at dif- 
ferent instants of tiae relative to the beginning of pumping. From these 
measurements could be determined the dynamics of pumping pulses and of in- 
homogeneity waves as well as the radial profiles of the gradient of the re- 
fractive index in the active medium. The results correlate closely with 
the quasi-optical approximation of natural oscillation modes in a resona- 
tor cavity with a strongly nonhomogeneous medium. The authors thank I. HM. 
Belousov for the support and the interest, also 0. B. Danilov for the help- 
ful comments. Figures 2; references 11: 10 Russian, 1 German. 


USSR upc 535.317.1 


COMBINED EFFECT OF THE STATISTICAL CHARACTERISTICS OF THE HOLOGRAM RECORDING 
PROCESS AND OF THE NONLINEARITY OF THE LIGHT-SENSITIVE MEDIUM ON THE QUALITY 
OF RECONSTRUCTED IMAGES 


Leningrad OPTIKA I SPEKTROSKOPIYA in Russian Vol 46 No 4, Apr 79 pp 758-762 
manuscript received 29 Jul 78 


TROITSKIY, I. N. and Zé VORUYEV, YU. V. 


[Abstract] Raising the power of the reference signal in holographic record- 
ing, for the purpose of increasing the signal-to-noise ratio, results in 
shifting the light-sensitive medium into its nonlinear range and thus causes 
additional distortions. ere the tolerances on such distortions are estab- 
lished and related to the statistical characteristics of the signal iniensi- 
ty as well as to limiting constraints on the magnitude of the nonlinearity 
parameter of the medium. A wave with a complex amplitude U(x,y) is assumed 
to come from the object to the recording medium in the plane z= 0. The ref- 
erence wave is sssumed to be planar with an amplitude Up(x,y)= Ae~J*Y and 
with the wave vector in the yz-plane inclined to the z-axis at an angle ¢ 
such that 9 ksin ¢. This anjle is selected to ens.re no overlap of the real 
image anc the virtual image. The intensity distribution of light-sensitive 
centers is now calculated, taking into account nonlinear changes in the 
transmission coefficiert, from the distribution of the complex amplitude of 
the field resulting frum reconstruction of a hologram at distance z, in the 
Fresnel approximation with a copy of the original reference wave. ferences 
6: 1 Russian, 5 Western. 
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USSR 


OBSERVATION OF HIGHER ORDEXS OF BRAGG REFLECTION OF LIGHT FROM A CHOLESTERIC 
LIQUID CRYSTAL, INDUCED BY AN ELECTRIC FIELD 


Moscow PIS'MA V ZHURNAL EKSPERIMENTAL'NOY I TEORETICHESKOY FIZIKI in Russian 
Vol 29 No 6, 20 Mar 79 pp 344-347 manuscript received 1 Feb 79 


BELYAYEV, S. V., BLINOV, L. M., KIZEL', V. A., Scientific Research Institute 
of Organic Semiconductors and Dyes 


[Abstract] A report is presented ou the recording of third and fourth orders 
of Bragg reflection from a cholesteric liquid crystal induced by a field, 
achieved by selection of the most suitable spectral range, increasing the 
external field and increasing the sensitivity of the apparatus used b; the 
improvement of the method of separation of the signal from the noise. A 
field at a frequency of 1.5 KHz was used to deform and partially twist the 
cholesteric helix, resulting in modulation of transmission of light and 
twice the field frequency. This is the first observation of high order 
Bragg reflection of light from a cholesteric liquid crystal induced by an 
external field, and agrees with the theoretical predictions. Figures 3; 
references 7: 2 Russian, 5 Western. 
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Plasma Physics 


USSR UDC 533.9 


EFFECT OF GASEOUS CO, ADMIXTURE ON THE PROCESSES IN A PHOTOIONIZATION PLASMA 


2 
Leningrad OPTIKA I SPEKTROSKOPIYA in Russian Vol 46 No 4, Apr 79 pp 650-654 
manuscript received 28 Feb 78 


KOSINSKAYA, I. V., PIVOVAR, V. A. and POLOZOVA, L. P. 


[Abstract] A study was made of a photoionization plasma of a dense gas, a 
mixture of helium (660 torr) and carbon dioxide (100 torr) with naphthalene 
vapor (0.5 torr) excited by 125 J discharge pulses in air with a 190 nm 
shortwave cutoff, the presence of CO, molecules having a substantial effect 
on the properties of such a plasma. The energy spectrum of free electrons 
was measured at various electric field intensities, also the electron concen- 
tration in peak photocurrent pulses was measured as a function of the electric 
field intensity. The results compared to those for a plasma of pure helium 
and analyzed on the basis of a numerical solution of the steady-state kinetic 
Boltzmann equation indicate that the role of COs molecules is to reduce the 
energy of electrons by collisions with them. Thus the number of fast ava- 
lanching electrons decreases so that the breakdown voltage becomes higher, 
while the number of slow electrons with large capture cross sections increases 
so that negative ions form more intensively, the equilibrium electron concen- 
tration becomes lower, and the duration of photocurrent pulses becomes short- 
er. Further relaxation results in ion-ion recombination. Not enough evi- 
dence has been obtained for estimating the lifetime and the concentration of 
negative ions in such a plasma. The authors thank I. V. Podmoshenskiy and 

A. V. Yakovlev for the thorough review of the results. Figures 3; references 
9: 4 Russian, 5 Western. 


USSR 
PECULIARITIES OF RECOMBINATION IN A NONEQUILIBRIUM PLASMA 


Moscow PIS'MA V ZHURNAL EKSPERIMENTAL'NOY I TEORETICHESKOY FIZIKI in Russian 
Vol 29 No 6, 20 Mar 79 pp 333-336 manuscript received 11 Jan 79 


KOGAN, YE. HA., MARTYSH, YE. V., Kiev State University imeni T. G. Shevchenko 


[Abstract] In a strongly nonequilibrium plasma, the mechanism of interac- 
tion with the entire plasma, including particles beyond the shielding area, 
becomes significant. The present study is based on a model of recombination 
as diffusion of an electron in the ¢-space of energy terms of the atom. An 
equation is derived which describes the probability of transition between 
levels as a function of the spectral density of noise. It is demonstrated 
that in a highly nonequilibrium plasma, three-particle recombination must 
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be described considering interactions with the entire plasma; when the elec- 
tron moves through the higher states of the atom, its spectrum must be con- 
sidered practically continuous. References 4 (Russian). 


USSR 


CONTINUOUS ROENTGEN RADIATION OF A PLASMA CREATED BY A PICOSECOND RUBY 
LASER PULSE 


Moscow PIS'MA V ZHURNAL EKSPERIMENTAL'NOY I TEORETICESHKOY FIZIKI in Russian 
Vol 29 No 6, 20 Mar 79 pp 348-350 manuscript received 20 Feb 79 


BLAZHENKOV, V. V., KIRKIN, A. N., KOTENKO, L. P., LEONTOVICH, A. M., MERZON, 
G. I., MOZHAROVSKIY, A. M., and CHUZO, A. N., Institute of Physics imeni 
P. N. Lebedev, USSR Academy of Sciences 


[Abstract] A study is made of the spectral and angular distribution of con- 
tinuous X radiation of a laser plasma in the 12-42 KeV energy range for 
massive targets of Al, Fe, Cu and W. A ruby laser operating at 100 K was 
used. The radiation was a short train of 1-3 pulses, 10-20 ps in length, 
total energy 0.5 J. Measurement was performed using a multichannel auto- 
mated installation based on a PDP-11/05 computer and a CAMAC system. Six- 
teen Nal (Tl) scintillation spectrometers and an FEU-85 photomultiplier 
formed the detectors. The effective temperature of superthermal electrons 
was as great as 5 KeV. Figures 2; references 8: 5 Russian, 3 Western. 
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Superconductivity 
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ROLE OF OXYGEN IN FORMING THE STRUCTURE OF Nb3Ge FILMS WITH HIGH CRITICAL 
TEMPERATURES 


Moscow PIS'MA V ZHURNAL EKSPERIMENTAL'NOY I TEORETICHESKOY FIZIKI in Russian 
Vol 29 No 7, 5 Apr 79 pp 396-399 manuscript received 13 Feb 79 


GOLOVASHKIN, A. I. and PECHEN', YE. V., Institute of Physics imeni P. N. 
Lebedev, USSR Academy of Sciences 


[Abstract] An experiment was performed to study the stabilizing role of oxy- 
gen during formation of Nb3Ge films with high critical temperatures. Speci- 
mens were prepared by cathode sputtering of a compound target with direct 
current in an argon atmosphere containing various amounts of oxygen, also 
nitrogen. The voltage was varied from 480 to 2300 V and the pressure was 
varied from 0.2 to l torr. "Hard" process conditions (0.2-0.4 torr pressure 
and voltage 1700 V or higher) produced film specimens with critical tempera- 
tures close to 20 K, but only in an argon atmosphere containing at least 


.inn4 
5°10 *% 0,. These films were characterized by a resistance ratio Ra noK! Rose 


1.2-1.6, transition curves with “tails,” and a grain size increasing with 
higher oxygen content in the argon atmosphere. Films produced under "soft" 
process conditions (0.5-1 torr pressure and voltage 1700 V or lower) were 
characterized by a resistance ratio Ra nox! BosK™ 1.6-3.0, steep transition 


curves and one peak in the dependence of the critical temperature on the 
film composition. High critical temperatures were in this case attainable 


with only 2+107°% 09 in the argon atmosphere. Oxygen in the proper amount 
has thus been found to generally act as a catalyst. Owing to unfavorable 
energy relations, however, either a deficiency or an excess of oxygen rela- 
tive to the stabilizing amount will result in a lower critical temperature 
of the film. Another stabilizing factor in formation of Nb3Ge films was 
small deviation from their stoichiometric composition. Figures 2; refer- 
ences 1l: 3 Russian, 8 Western. 
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TRANSITION OF XENON TO THE METALLIC STATE UNDER HIGH PRESSURE. SUPERCON- 
DUCTIVITY OF METALLIC XENON 


Moscow PIS'MA V ZHURNAL EKSPERIMENTAL'NOY I TEORETICHESKOY FIZIKI in Russian 
Vol 29 No 7, 5 Apr 79 pp 400-402 manuscript received 13 Feb 79 


AYKOVLEV, YE. N., TIMOFEYEV, YU. A. and VINOGRADOV, B. V., Institute of 
High-Pressure Physics, USSR Academy of Sciences 


[Abstract] Transition of group-0 elements from the normal state of inert 

gas to the metallic state has been of interest for some time and in the case 
of xenon found to be feasible under pressures of 1-5 Mbar. Here an experi- 
ment was done to produce the metallic modification of xenon in the same appa- 
ratus used earlier with hydrogen and for studying the superconductor proper- 
ties of metallic gallium phosphide. The apparatus consisted essentially of 
two diamond ("carbonado") anvils, one that and one conical, forming a cham- 
ber and placed under a press in a cryostat for cooling below the melting 
point of xenon (161 K). Gaseous xenon was fed through a capillary and brought 
to solidification on the anvil surface. The electrical resistivity of such a 
solid xenon film was measured while the temperature of the chamber with the 
specimen was dropping to below the liquid-helium point. Transition to super- 
conductivity, manifested by a decrease in the electrical resistivity, was 
found to occur under a pressure corresponding to a force of 40 kgf on the an- 
vils. The superconductor transition temperature of solid xenon was found to 
drop from 6.8+0.1 K, highest in this experiment, as the current through the 
specimen increased (about 4 K at 600 yA). The authors thank A. N. Utyuzh and 
V. A. Rodionov for the help in preparing the experiment. Figures 3; refer- 
ences 1l: 3 Russian, 8 Western. 
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Theoretical Physics 


USSR UDC 62-50 
DIFFERENTIAL GAMES OF EVASION WITH DELAYED INFORMATION 


Moscow PRIKLADNAYA MATEMATIKA I MEKHANIKA in Russian Vol 43 No 2, Mar/Apr 
79 pp 195-203 manuscript received 6 Mar 78 


GUSYATNIKOV, P. B., DEDYAYEV, YU. S. and MEZENTSEV, A. V., Moscow 


[Abstract] The motion of vector z in an n-dimensional Euclidean space R" is 
described by the equation dz/dt= f(t,z,u,v), t e¢ R'= -~,+~, z € R" represent- 
ing a two-person game where the values of parameter u are determined by the 
first player and the values of parameter v are determined by the second play- 
er. Controls u(t) and v(t) satisfy either geometrical constraints or inte- 
gral constraints. A condition of availability of information at time t is 
defined, whereupon two theorems and two lemmas are proved leading to lower 
estimates of the “speed of information propagation" function c(z) at which 
earlier established conditions of evasion ensure that a strategy of evasion 
can be devised. References 3 (Russian). 


USSR UDC 62-50 
GAME PROBLEMS OF ENCOUNTER WITH m TARGET SETS 


Moscow PRIKLADNAYA MATEMATIKA I MEKHANIKA in Russian Vol 43 No 2, Mar/Apr 
79 pp 204-208 manuscript received 26 Sep 78 


GABRIYELYAN, M. C., Yerevan, and SUBBOTIN, A. I., Sverdlovsk 


[Abstract] A differential game of "approach and evasion" with several tar- 
get sets is considered where the equation x= f(t,x,u,v) describes the motion 
of the control object and where the first player with control u strives to 
minimize the payoff while the second player with control v strives to maxi- 
mize it. The class of piecewise-positional strategies is established, which 
has been proved to include strategies U°, V© corresponding to the e (>0)- 
equilibrium and extremal, as well as the motions they generate. The e-equi- 
librium situation is also analyzed without the minimization versus maximiza- 
tion requirement. The authors thank N. N. Krasovskiy for defining the prob- 
lem and for the helpful suggestions. References 2 (Russian). 
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USSR UDC 531.381 
PERIODIC SOLUTIONS TO THE EULER-POISSON EQUATIONS 


Moscow PRIKLADNAYA MATEMATIKA I MEKHANIKA in Russian Vol 43 ». 2, Mar/Apr 
79 pp 262-266 manuscript received 13 Jun 78 


SERGEYEV, V. S., Moscow 


[Abstract] The motion of a heavy solid body around a s‘ationary point is 
considered in Euler-Poisson variables, this motion being described by the 
equations 


Adp/dt+ (C- B)qr= mg (y,3"'- z0?") 
= 7 " tan 
d3/dt= r3*- q3”" (ABC, XoYo%o> pqr,33'3") 


with the force of gravity acting in the direction of the positive OZ axis- of 
the stationary system of coordinate OXYZ. These equations are transformed to 
a system of autonomous equations with Poincare's small parameter for the 
class of motions close to regular Lagrange precession and the degenerate case. 
The periodic solutions to this system of equations are sought in the form of 
power series in this small parameter. The set of three holomorphic solutions, 
whose existence is proved here, describes nutation, libration and secular mo- 
tion of the body. References 5: 4 Russian, 1 German. 


USSR 
LOCALIZED TOPOLOGICAL SOLITONS IN A FERROMAGNETIC 


Moscow PIS'MA V ZHURNAL EKSPERIMENTAL'NOY I TEORETICHESKOY FIZIKI in Russian 
Vol 29 No 9, 5 May 79 pp 592-595 manuscript received 2 Apr 79 


DZYALOSHINSKIY, I. YE., Institute of Theoretical Physics imeni L. D. Landau, 
USSR Academy of Sciences, and IVANOV, B. A., Physico-Technical Institute of 
Low Temperatures, Academy of Sciences of the Ukrainian SSR 


[Abstract] A localized soliton in a ferromagnetic medium corresponds to mag- 
netization M(r) uniformly distributed at infinity. Here a topological soli- 
ton is analyzed on the basis of a Hopf transformation of the 3-dimensional 
{r} -space on a 2-dimensional sphere. The form of such a soliton is found by 
minimizing the energy of the ferromagnetic medium, but the necessary integra- 
tion cannot be performed even in the simplest case of an isotropic medium. 
The transformation equations are self-similar, however, and can be solved 
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asymptotically. The equations of magnetization dynamics include the momen- 
tum integral, which is here the number of spin excursions approximately pro- 
portional to the energy cubed. Such a soliton with the characteristics di- 
mension much larger than the width of a 180° domain wall is constructed, 
taking into account also magnetic anisotropy of the medium, and found to be 
toroidal. 8B. I. Ivanov thanks A. S. Kovalev for the fruitful discussion. 
Figures 2; references 3 (Russian). 


USSR upc 519.83 


APPROXIMATE CALCULATION OF OPTIMUM STRATEGY IN GAMES WITH A FIXED SEQUENCE 
OF MOVES IN THE CASE OF INCOMPLETE INFORMATION 


Moscow ZHURNAL VYCHISLITEL'NOY MATEMATIKI I MATEMATICHESKOY FIZIKI in Russian 
Vol 19 No 2, Mar/Apr 79 pp 527-533 manuscript received 5 Dec 77 


KHALEZOV, A. D., Moscow 


[Abstract] In various economic models it is convenient to describe decision 
making processes by using a class of games introduced by Germeyer (Yu. B. 
Germeyer, N. N. Moiseyev, “Some Problems in the Theory of Hierarchical Con- 
trol Systems" in: "Problemy prikladnoy matematiki i mekhaniki" [Problems 

of Applied Mathematics and Mechanics], Moscow, Nauka, 1977, pp 30-43) with 
a fixed sequence of moves. Here A. D. Khalezov examines a model of a two- 
person game in this class in which the set of choices available to the 
second player depends on some parameter with a distribution function that is 
known to the first player. An optimum guaranteeing strategy is constructed 
for the first player in this case. The author thanks A. F. Kononenko for 
formulating the problem and for advice in solving it. Refercnces 5 (Russian). 
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Thermodynamics 


USSR 


SYNERGETIC PHENOMENA IN SPARK IGNITION OF SATURATED PROPANE-AIR AND MATHANE- 
AIR MIXTURES 


Novosibirsk FIZIKA GORENIYA I VZRYVA in Russian Vol 15 No 2, Mar/Apr 79 
pp 20-28 manuscript received 26 Jun 78 


KLIMENKO, A. S., KONDRASHOVA, I. I., RYVKIN, A. M. and SHVARTSMAN, WN. A., 
Moscow 


[Abstract] For protection against fire and explosion it is often necessary 
to prevent propagation of a 2-stage flame resulting from cold ignition and 
also of a hot flame resulting from spark ignition, which is achieved most 
effectively by mixtures of respective inhibitors. Here the synergism, “prac- 
tical" rather than “true,” of the inhibitor pair dibromotetrat' luoroethane 


(C,F Br.) - aniline (CHNH, ) was studied in flames of propane-air mixtures 


with a zone of cold-flame and 2-stage combustion as well as in flames of 
methane-air mixtures without such a zone. The dependence of the flame bound- 
aries and of the synergism level on the ratio of inhibitors in the mixture 
was measured, but the scope of experimental data is not sufficient for defi- 
nitely expla'ning the causes of synergetic inhibition in propane-air mixtures 
and the absence of this effect in methane-air mixtures, also for explaining 
the deviation from LeChatelier's principle. A shift of the upper concentra- 
tion limit for some hydrocarbons is not impossible but also not highly proba- 
ble. Meanwhile, the role of processes such as diffusion in a hot mixture 
with oxygen deficiency within the preheat zone cannot be ruled out. Figures 
5; references 22: 12 Russian, 10 Western. 
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CALCULATING THE PROPAGATION OF A RADIATION FLAME THROUGH A GASEOUS SUSPEN- 
SION OF SOLID FUEL PARTICLES 


Novosibirsk FIZIKA GORENIYA I VZRYVA in Russian Vol 15 No 2, Mar/Apr 79 pp 
66-73 manuscript received 4 Jul 78 


OZEROVA, G. YE. and STEPANOV, A. M., Leningrad 


[Abstract] The velocity of flame propagation through a monodisperse gase- 
ous suspension of solid fuel particles has already been calculated on the 
basis of the diffusion approximation, assuming a weak anisotropy. Here this 
met. ' is extended to a polydisperse suspension, generally consisting of any 
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number of fractions in any concentrations but specifically consisting of a 
coarse fraction (100 ym) and a fine fraction (10 um) only. The diffusion 
model takes into account radiative heat transfer, but replacement of the 
wavelength spectrum with a “gray body" reduces the problem to one integra- 
tion only, namely with respect to the angular coordinate. The solution, in 
terms of the radiation intensity profile, is obtained in the form of series 
in Legendre polynomials. The presence of several (two) fuel fractions in 
the gas is reflected by a summation term in the equation of total (physical 
and chemical) enthalpy including conduction and convection as well as radia- 
tion. The thermodynamic field of a flame has been calculated, accordingly, 
for a fuel mixture with only 10% fine fraction and for one with 80% fine 
fraction. Also the dependence of the flame propagation velocity on the con- 
centration of fine fraction has beer determined. The flame propagation ve- 
locity is found to be highest with no fine fraction present, to decrease 
sharply with a small addition of fine fraction, then te continue to decrease 
slowly over a wide range to about a 50:50 mixture of coarse and fine frac- 
tion, and to again decrease sharply with the coarse fraction disappearing 
altogether. Figures 3; references 5 (Russian). 
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CRITICAL CONDITIONS FOR IGNITION OF MAGNESIUM AND ZIRCONIUM POWDERS IN 
GASEOUS SUSPENSIONS 


Novosibirsk FIZIKA GORENIYA I VZRYVA in Russian Vol 15 No 2, Mar/Apr 78 pp 
97-102 manuscript received 24 Jan 78 


YEZHOVSKIY, G. K., OZEROV, YE. S. and ROSHCHENIYA, YU. V., Leningrad 


[Abstract] Spontaneous ignition of magnesium and zirconium powders in gase- 
ous suspensions was studied experimentally, with the oxidizing gas stream 
blasted under a pressure of 0.5-2 atm from a nozzle through an electromag- 
netic valve over a hot powder heap inside a horizontal furnace. The de- 
pendence of the critical ignition temperature on the concentration of com- 
bustible in the gas was determined for 8 ym and 30 ym powder fractions of 
both metals. This temperature has been found to drop with higher concentra- 
tion and smaller size of powder particles, because of the thus increasing 
chemically active surface. The process was also analyzed theoretically, on 
the basis of the kinetic equations describing the pre-ignition oxidation of 
combustibles: linear in the case of magnesium and parabolic in the case of 
zirconium. These equations were supplemented with the equations of heat 
balance, assuming the gaseous suspension to be an ideally uniform mixture 
and taking into account convective as well as radiative heat transfer. With 
the appropriate boundary conditions, these equations were solved approximate- 
ly for estimating the critical ignition temperature in two extreme cases: 
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maximum heating of the gas (to the temperature of the metal particles) and 
no heating of the gas. According to the results, the experimental data cor- 
responded fairly closely to a quasi-steady gas temperature. Figures 3; ref- 
erences 9 (Russian). 
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CORRELATION BETWEEN THE TEMPERATURE COEFFICIENT OF THERMAL CONDUCTIVITY OF 
A LIQUID AND THE SPEED OF SOUND 


Minsk INZHENERNO-FIZICHESKIY ZHURNAL in Russian Vol 36 No 4, Apr 79 pp 591- 
596 manuscript received 13 Jun 78 


BERLIN, I. I., KALININ, E. K. and KOSTYUK, V. V. 


[Abstract] The correlation considered in this paper is based on the follow- 
ing relations between the temperature coefficients of thermal conductivity, 
density and the speed of sound: 


. e 
qT 2 £AT 
dp a dv | 


c= —- . 

aT »p d—T y 

where n and m are constants. It is shown that 
ar 1 A 


aT kh) TL OM' 8y 
where A = nmZ is constant for all liquids, Z = df(g)/d@, 6 = T/T,, T, is the 


critical temperature, f(8) = o'/2 i), ¢(6) = Mv*/T , with M in erene, T in 
kelvins, , in watts per meter-kelvin and v in metetfs per second. Calcula- 
tions by the proposed formula are compared with experimental data for 39 
normal liquids. It is shown that the constant A can be taken as equal to 
540, assuming measurements of thermal conductivity and the speed of sound 
are made at 20°C. The maximum discrepancy between the formula and experi- 
mental data does not exceed 25% with an overall change in the temperature 
coefficient of thermal conductivity of liquids by a factor of more than two, 
In the case of associated liquids there is a considerable discrepancy be- 
tween calculations and experimental data. The difference decreases with a 
reduction in the degree of association. Figures 4; references 11: 8 Rus- 
sian, 3 Western. 
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EVALUATING THE EFFECTIVENESS OF FLOW SWIRLERS THAT INTENSIFY THE HEAT 
EXCHANGE PROCESS 


Minsk INZHENERNO-FIZICHESKIY ZHURNAL in Russian Vol 36 No 4, Apr 79 pp 653- 
657 manuscript received 22 Apr 78 


NAZMEYEV, YU. G. and NIKOLAYEV, WN. A. 


[Abstract] On the basis of a unified and fairly general criterion, a compar- 
ative evaluation is made of the effectiveness of various type of flow swirlers 
as heat exchange intensifiers. To compare the thermal effectiveness of dif- 
ferent swirler designs from the data of experiments done by different authors 
at different temperatures and in different ranges of Reynolds and Prandtl 
numbers, the relation (Nu/Nug) = f£(Re) can be used. This expression charac- 
terizes the increase in heat exchange in a pipe with swirler as compared 
with a smooth pipe. A comparative evaluation using this criterion shows 

that the greatest effects of increased heat transfer are realized in the 
range of Reynolds numbers from 2000 to 8000, i.e., in the laminar and weakly 
turbulent region. When swirlers localized in the walls are used (artificial 
periodic roughness), turbulence begins to play a decisive part in heat ex- 
change at Reynolds numbers in excess of 8000, and the part played by eddies 
gradually decreases. For swirlers that intensify the heat exchange through- 
out the entire flow (such as augers), effectiveness increases with viscosi- 
ty and Prandtl number. Since any swirling device introduces drag, the ef- 
fectiveness criterion should account for this energy~consuming factor. 
Therefore the formula (Nu/Nug)/(¢/eo9) = £(Re) is recommended, where the de- 
nominator in the left-hand member characterizes the ratio of drags in a 

pipe with a swirler and in a smooth pipe. Analysis on the basis of this 
criterion shows that swirlers based on artificial periodic roughness are 
highly effective, and with increasing Reynolds number, the intensity of heat 
exchange exceeds hydraulic losses by a factor of 2.5. Figures 2; references 
18: 15 Russian, 3 Western. 











